The main goal of the presented work is to determine the current trophic state of 31 lakes located in Poznań Lakeland. These lakes are included in the lake monitoring programme executed by the Voivodship Environmental Protection Inspectorate in Poznań. The place in the trophic classification for investigated lakes was determined as well as the relationships between their trophic state indices. The trophic state of investigated lakes in the research area is poor. More than a half of the investigated lakes are eutrophic. Depending on the factor that is taken into account the trophic state of investigated lakes differs radically.
Introduction
Lakes play a very special role in the landscape structure of Poland. They influence water circulation, sedimentation of mineral and organic matter. Lake catchments are a very important landscape structure in the geographical environment. Lakes are also a subject of interdisciplinary research which has theoretical and practical significance in landscape studies (Kostrzewski 2008) .
Lakes constitute the main element of the hydrographic network of young glacial areas. They differ in morphometric parameters of their basins, size of drainage area and their role in the hydrological cycle. Protection of lake ecosystems and their rational exploitation is very important in conditions of growing human impact on the environment (BajkiewiczGrabowska 2008) .
For the recognition of the functioning state of every water reservoir it is crucial to recognize its trophic state (Zdanowski 1982; Napiórkowska-Krzebietke et al. 2007; Bajkiewicz-Grabowska 2008; Jarosiewcz, Fryda 2011; Bekteshi, Cupi 2014) . It allows the determining of the biotic and abiotic relationships which are present in the water column (Carlson and Simpson 1996; Kiersztyn et al. 2002; Matthews et al. 2002) . The main goal of the presented work is to determine the current trophic state of 31 lakes located in Poznań Lakeland. These lakes are included in the lake monitoring programme executed by Voivodship Environmental Protection Inspectorate in Poznań. The place in the trophic classification for the investigated lakes was determined as well as relationships between their trophic state indices.
Study area
The area of interest presented in this work is Poznań Lakeland (Fig. 1) . It is located in the centralwestern part of Poland. The vast majority of its area is located in Greater Poland Voivodship. A small, the most western, part belongs to Lubusz Voivodship. It is a very differential landscape with agricultural areas as an absolutely dominating land cover class. The total area of Poznań Lakeland equals 4158 km 2 . About 70% of its surface is agricultural areas, and more than 25% is covered by forests. The limnic ratio for this region is 1.8%. The total number of lakes regardless of their area according to the Hydrographic Division Map of Poland is 2442.
The basic morphometric characteristics of investigated lakes are presented in Table 1 . They suggest that morphometric differentiation among the whole dataset is significant. Only small and medium lakes according to Water Framework Directive (WFD) are present in the research area (Kolada et al. 2005) . According to WFD small lakes have an area between 50 and 100 ha and medium lakes have an area between 100 and 1000 ha. The biggest lake in Poznań Lakeland has an area of 742 ha what means that there are no big lakes amongst the dataset. Among the investigated lakes there are shallow ones (i.e. Lake Barlin -average depth 1.5 m), and deep lakes (i.e. Lake Śremskie -average depth 20.7 m) according to Water Framework Directive (Kolada et al. 2005) . There are also lakes with a short shoreline (i.e Lake Radziszewskie -shoreline length 2.63 km) as well as lakes with shorelines longer by about two orders of magnitude (i.e Lake Strykowskie -shoreline length 195 km).
Methods
Qualitative data was obtained on the basis of publications and unpublished works of Voivodship Environmental Protection Inspectorates in Poznań and Zielona Góra employees. These data are presented in Table 2 . The trophic state of the investigated lakes was evaluated on the basis of three characteristic val- ues: Secchi disc visibility (SD), concentration of total phosphorus (TP) and concentration of chlorophyll a in the epilimnion zone. Carlson's method (1977) was used for this purpose. Measurements were collected in one measuring position, in the deepest spot of the lake. They were carried out during the summer (July and August) in the phase of maximum development of summer stratification. Lenard, Ejankowski (2012) point out that the optimal solution is at least two se- ). If we take a look at the data collected in Table 2 it is worth seeing that 14 of 31 investigated lakes had a value of Secchi disc visibility less than 1 metre. Secchi disc visibility values vary from 3.4 m (Lake Szarcz) to 0.5 m (Lake Witobelskie). Lake Lubikowskie deviates from other lakes significantly. With Secchi disc visibility about 6.3 m this lake has the best trophic conditions among lakes in the whole dataset.
Relative TSI value lower than 40 characterizes the oligotrophic state of the lake water, values between 40 and 60 indicate the mesotrophic state of the lake water, values between 60 and 80 indicate the eutrophic state of the lake water while values higher than 80 indicate hypertrophy (Bajkiewicz-Grabowska 2007) . Results of the measurements as well as calculated TSI values are presented in Table 2 .
Graphical juxtaposition of the calculated indices was performed on Figure 2 . It is worth noting that as a result of this analysis TSI based on Secchi disc visibility are lower than TSI based on the concentration of total phosphorus and the concentration of chlorophyll a in the epilimnion zone according to the Carlson's model. It is also possible to notice that the majority of the dataset lies above the diagonal of the constructed graph (Fig. 2) . It means that in the vast majority of the investigated cases the concentration of total phosphorus is higher than the corresponding visibility of Secchi disc value according to the Carlson's model. A very similar situation can be observed when we consider the value of the concentration of chlorophyll a in the epilimnion zone. Data for every investigated lake lie above the diagonal of the graph. When we consider TSI based on the concentration of total phosphorus and the concentration of chlorophyll in the epilimnion zone the observed pattern is much more differentiated. In the vast majority of lakes the concentration of chlorophyll is lower than the corresponding concentration of total phosphorus according to the Carlson's model. But what is also important, in this graphical juxtaposition data lies closer to the diagonal than in the other two graphs. It in-dicates just small discrepancies between TSI values based on TP and chlorophyll. When all TSI indices are equal, it means that the development of the lake is harmonic and undisturbed by human activity (Bajkiewicz-Grabowska 2007). Information about differences between individual TSI indices allows the determination of which factors limit the productivity of the lake.
Results
21 of 31 investigated lakes (68%) represent a TSI TP value higher than TSI Chl. It means that phosphorus is a biogen which limits biological productivity in more than 2/3 of lakes in the research region. It was also investigated that the basic trophy state indexconcentration of total phosphorus in the lake -can be a good predictor for the other two trophy state indices which are normally considered in the literature as a symptomatic indicators. The relationships between TP and SD values were determined as well as relationships between TP and Chl values. As we can observe Table 3 ). However, in the Kashubian Landscape Park the concentration of chlorophyll a was much higher while water transparency was much lower than corresponding values of the total phosphorus concentration according to the Carlson's model. In the majority of the Poznań Lakeland lakes chlorophyll a concentration is a little higher than the corresponding total phosphorus ones, and much higher than the corresponding transparency values. The research revealed that, similar to the investigation performed by BajkiewiczGrabowska (2007) in the Kashubian Landscape Park, it is not possible to use the SD-TP and Chl-TP regression model for symptomatic trophy state indicator prediction. ) for 31 lakes located in the Poznań Lakeland A statistical summary of the TP-SD and SDChl logarithmic models and the TP-Chl exponential model is presented in Table 3 . The values of statistical measures in Table 3 are weaker than those presented by Carlson (1977) , due to the smaller number of investigated lakes in the Poznań Lakeland.
For the model based on the natural logarithm and relationship between SD and Chl the coefficient of determination was also calculated. It appeared that similar to 33 lakes in the Kashubian Landscape Park also in Poznań Lakeland the coefficient of determination was highest for this relationship (R 2 = 0.817) (Fig. 5, Table 3 ). This fact indicates that even in quite different research areas the correlation between water transparency and concentration of chlorophyll a is normally high. So, Secchi disc depth can be a good predictor for chlorophyll a for studied lakes (Fig. 5) . A statistical summary of the SD-Chl logarithmic model is presented in Table 3 .
The diagram of relationships between TSI for investigated lakes can be seen in Figure 6 . On the vertical axis there are values TSI Chl -TSI TP . The horizontal axis Fig. 6 . Diagram of relationships between TSI for investigated lakes demarcates the area in the graph which indicates biogen limitation. If points representing individual lakes in the dataset lie above the horizontal axis, it means that there is a high probability of phosphorus limitation. 68% of investigated lakes lie above the horizontal axis. On the horizontal axis there are values of TSI Chl -TSI SD . Points located on the right side of the vertical axis indicate the situation where the water transparency is higher than it would result calculated from TP value and TSI TP value. This is present in lakes where phytoplankton is dominated by relatively large autotrophic plants (BajkiewiczGrabowska 2007) . It is observed in every investigated lake located in the research area.
The trophic state of the investigated lakes differs depending on which TSI is taken into account. If we take a look at Figure 7 , we can observe that if we take into account TSI based on SD value, then just 3% of the lakes can be considered as oligotrophic lakes. About half of the lakes are then considered as mesotrophic and eutrophic. If we take into account in determining the trophic state of the lakes just the TSI Chl value, then one third of the investigated lakes should be considered as hypertrophic and more than a half of them should be considered as eutrophic. Oligotrophic lakes cannot be observed in this case. This leads to the conclusion that lakes located in Poznań Lakeland are not harmonically developed and probably anthropogenic disturbance has a strong influence on them. This conclusion is based on the assumption that if each lake has similar values of all trophic status indicators, lake water are homogeneous. If the lake is characterized by the different types and values of trophic status indicators, it means that the nature of lake waters is significantly transformed by human activity.
The trophic state of the investigated lakes was also compared with research conducted in other parts of Poland. The summary of this comparison is presented in Table 4 . Amongst the studies conducted in Poland that used the Carlson method (1977) to assess the water quality, lakes located in Poznań Lakeland are one of the most trophic and transformed by the human activity. This state of affairs is most likely associated with a high percentage of agricultural areas (67%) in the Poznań Lakeland. 
Conclusions
According to the results presented in Table 4 it can be concluded that the trophic state of the investigated lakes in the research area is poor. Worse trophic states were found only in the work of Pełechata et al. (2006) for the Lubusz Lakeland but please note that in the work of Pełechata et al.(2006) authors used different way of trophic state determination (Table 4) so this result are not straight comparable. More than a half of the investigated lakes are eutrophic. There are also further conclusions from the presented work: Ö 68% of the investigated lakes have a TSI TP value higher than TSI Chl , which means that the phosphorus is limiting biological productivity in the majority of lakes located in Poznań Lakeland, Ö Concentration of chlorophyll a in the epilimnion zone with no doubt overstates the values of average TSI while transparency decreases it, Ö Depending on which water quality parameter is taken into consideration the trophic state of the investigated lakes differs radically, Ö It must be taken into account that when considering only the TSI value for transparency (TSI SD ), 3% of the investigated lakes should be presumed oligotrophic while hypertrophic ones are absent in the investigated research area, Ö When the trophic state index for chlorophyll a (TSI Chl ) is taken into account only, then 32% of the investigated lakes should be considered as hypertrophic ones, more than a half of them should be eutrophic ones, while oligotrophic ones are absent in this region, Ö When only trophic state index based on phosphorus concentration is taken into account then almost one quarter (23%) of the investigated lakes number are hypertrophic, almost half of the investigated lakes number (45%) are eutrophic and almost one third of the investigated lakes number (32%) can be considered as mesotrophic. Two final conclusions can be stated on the basis of the presented research. Concerning relationships between trophy state indices the investigated lakes from the Poznań Lakeland area are very similar to those located in the Kashubian Landscape Park and studied by Bajkiewicz-Grabowska (2007) . But when the focus is on the water quality and functioning state expressed by trophy state indices, then it has to be concluded that the trophic state determined for the investigated lakes is poor, which is the effect of the human activity.
Excepting Lubusz Lakeland investigated by Pełechata et al. (2006) Pełechata et al. (2006) 
